Determination of the Methyl Ester Content of Pectin
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Sources of error In the Zelsel and seponification methods for deter-
mining the methy! ester content of pectin have been discovered and
improved procedures are presented. A third method, utilizing the
specific action of pectase for hydrolyzing pectin methyl ester, Is
recommended for general use as more rapid then the Zeisel method
and lnvolving fewer sources of error than the saponification method.

HE methyl ester content of peetin and ity determination
have assumed increasing importance in pectin chemistry,
especially since the development of culcium pectinate gels (7, 2,
8, 12) from low-ester pecting.  [Although the term “methoxyl”
has been used for many years in the literature on peetin, it i8
erroncous u8 applied to peetin. Pectin containg methyl ester
groups but probably no methoxyls. The term “methyl ester"”
is used in this paper, all analyses being caleulated as methoxyl
(% CH,0).] 8Buch propertics ns the viscosity of pectinate solu-
tions (12), the setting time of pectin jellies (1, 12), the formation
and stability of calcium pectinate gels (1, 8), and the solubility
of pectin (17) are greatly influenced by the degree of esterificution.
Consequently, aceurate methods for determining the methyl
ester content of pectin are essential.
The Zeisel and suponification methods are the two principul
procedures now used for determination of the methyl ester con-
tent of pectin.  The saponification method is empirical, although

it is frequently not recognized as such in the literature. It is

considered accurate because it usually gives results in agreement
with those by the Zeisel method, which is the reference method.

Both the Zeisel and saponification methods have given erratic
results in the authors’ hands. Sources of error in these methods
have been discovered, and improved procedures for both methods
have been developed. A third method, using pectase for estima-
tion of the methyl ester content of peetin, has certain advantages
aver the others.

ZEISEL METHOD

The principal cause for the erratic Zwisel results was discovered
by Jansen, Waisbrot, and Rictz (1), and independently by the
authors. [t was found that a portion of the ethanol commonly
used in the preparation of peetin is so strongly held that it can-
wot be removed by drying in vacuo at 80° C. Ethanol forins
ethyl iodide which, being volatile, is measured and calculated as
methoxyl in the usual Zeisel procedure. Since the amount of ad-
sorbed ethanol may be as much ns 4% of the pectin by weight, the
error from this source may be appreciable.

Jansen et al. detected the presence of bound ethanol in pectin
by the fact that it was possible to lower the Zeisel value by sub-
jecting the pectin to a water-vapor treatment. Ethanol was
considered to be completely removed when continue! water-
vapor treatment no longer reduced the Zeisel value, and the Zeisel
value corresponded to the saponification value. Obviously this
2roof is indirect and does not preclude the possibility that a por-
.ion of the ethanol is not removed or that the saponification values
are in error. Data presented in this paper show that results by
the saponification method depend upon the conditions of saponi-
fication and the type of pectin being analyzed. Therefore, the
saponification method cannot be considered a reference method.

The studies hercin described offer a more direct proof of the
presence of adsorbed ethanol and completeness of its removal—
namely, by the separation and measurement of ethyl iodide in
the Zoisel distillate. The Zeisel method as modified by Clark (3)
was used throughout this study, except that an aqueous suspen-
sion of red phosphorus was used in the washer.

A sample of apple wetin which had heen precipitated by eth-
anol and then dred }ur 24 hours at. 60” C.in an air ovon was
anulyzed by the Zeiscl procedure and gave o value of 12.0%
methoxyl (m.fb).  When the annlysis was repeated and the
volatile jodides were subjected to the trimethylunine soparation
method (4), the sample analyzed 0.00%, methoxyl and 4.5%,
ethoxyl (or 3.1% ealculuted s met hoxyl).

Atternpts to remove adsorbed cthanol from the peetin by dry-
ing in vacuo for 2 hours at 807 C. were unsuccessful.  The
cthanol was removed, however, by substitution with water vapor
in the following manner:

A sample of the same ethanol-precipitated apple pectin was
placed in the inner chamber of a Conway diffusion ce 1 with dis-
tilled water in the outer ring. The eell was placed under a bell
jar. The jur was cvacuated and sealed off, and the sample al-
owed to stand overnight. The sumple was then dried for 2 hours
in vacuo at 80° . The methoxyl value, ny determined by the
Zeinel method, was 9.41%. Repetition of the water-vapor treat-
ment again yiclded a methoxyl value of 9.44%.

If the per cent methoxyl from the trimethylamine sepuration
{9.00%) is calculated to the alcohol-free basis, a valuc of 9.43%
is obtained. The close agreement between this result und that
obtained on the vapor-treated sample (9.44%), and the fact
that a second water-vapor treatment did not change the methoxyl
value, show that a single vapor treatment removed all the ad-
sorbed éthanol.  These facts also indicate that. the vapor-treated
saumple contained no groups other than methoxyl capable of form-
ing volatile iodides. Vapor-treating the pectin samples at re-
dueed pressure increases the rate of ethanol-water exchange con-
siderably.  Jansen, Waisbrot, and Rietz (11) used a vapor treat-
ment. of 2 days at atmospheric pressure.

‘able I shows the methoxyl values of a number of pucting be-
fore and after vapor treatment. [t is apparent from these data
that failure o remove ethanol from the dried sample may cause
the result to be almost 3% too high.  The discrepancy was much
less for acid-deesterified than for enzyme-deesterified pectins.

Many experimentally and commercinlly prepared pecting are
precipitated by acetone, ethanol, or isopropanol. The alcohols
react with hydriodic acid to form volatile jodides, and under
certain conditions acctone may likewise yield a volatile iodide.
Therefore, the procedure for determining the methoxyl values
of peetins by the Zeisel method should include a preliminary
water-vapor treatment of the sample unless it is definitely known
that the pectin contains no adsorbed solvent capable of interfer-
ing with the analysis. Jansen, Waisbrot, and Rictz (/1) have
also shown that acetone does not interfere with the Zeisel analysis
and that isopropanol may be removed by an Abderhalden dryer.

It might appear that a satisfactory method for eliminating
interfering solvent from pectin prior to Zeisel analysis would be

Table I. Methoxyl Values of Pectins Determined by Zeisel
Method

{Before and after vapor treatment to remove absorbed ethanol)
Per Cent C11,0°

Sample Type of Before vapor After vapor
No. Demetmlation treatment treatinent
91 None 12.0 9.

918 Acid 7.9 6.8
91C Acid 7.1 5.1
91E Acid 1.9 1.7
91G Enzyme 8.4 6.0
91J Enzyme 4.3 2.0

« Molsture- and ash-free basis.
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Figure 1. Rate of Seponification of Pectin
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to dissolve it in water and precipitate it with a noninterfering
solvent, such as acetone. However, this procedure would also
remove & portion of the nongalacturonide constituents and thus
alter the original methyl ester content of the pectin.

8ince the error in the Zeisel analysis caused by adsorbed solvent
was reported only recently, it is probable that many of the pectin
methoxyl values recorded in the literature are erroncous.

SAPONIFICATION METHODS

Saponification of pectin by dilute alkali (6) has been used by
various investigators (5, 8, 14, 15, 16) as a quantitative mothod
for the estimation of pectin methyl ester. It is-moro rapid than
the Zeisel method and requires no special apparatus. It is an
empirical procedure, however, and the results depend upon the
choice of conditions. Since the Zeisel values for pectin reported
in the literature are probably in error, it follows that the saponi-
fication method, which is based upon these Zeisel values, is like-
wise probably in error. In view of the new Zeisel values, experi-
mental conditions for the saponification method must be reinves-
tigated.

The usual procedure for saponification, as described by Myers
and Baker (14), is to add 20 ml. of 0.5 N sodium hydroxide to a
neutralized pectin solution containing 1 gram of pectin dissolved
in 200 ml. of water, and saponify at room temperature for 2
hours. Methoxyl values obtained by this procedure are recorded

in Table II. Comparison of tho datu shows that this method
gives higher values than the Zeisel method. The difference is
much loss for acid-decstorifiod than for other types of pectins,
To work out procedures suitable for differont kinds of peotin,
it was necossary to ascortain the rate aud oxtont of saponification
undor various conditions of timo, towmperature, and alkali con-
centration. ’

Tho rate of saponification was studied with an onzyme-de-
osterified poctin (4.61% CH,0) and an acid-decsterified pectin
(6.13% CH,0), both purified by the method of Olsen et al. (15?.
Theso two samples were choson bocausoe thoy have comparable
mothyl cstor contents and yot reprosent two types of pectins that
differ in saponification behavior,

Two grams of poctin protreated to removo adsorbed ethanol
wore w::rhed into a 600-ml. beaker, moistenod with ethanol, and
dissolved with 400 ml. of distilled wator using a mechanical stir-
rer. Tho solution was titrated to pIl 7.5 with 0.500 N sodium hy-
droxide, a Beckman pll meter being used to determine the end
point. (Hinton (9) found the neutralization point of pectinic
acids to be pH 7.5. Although the neutralization point varies
slightly with tho concentration of pectin, the authors found that
the value 7.5 was a satisfactory end point for the range of pectin
concentrations cncountered in the present study.] The neu-
tralized solution was transferred to a stoppered flask, adjusted
to 25° C., and saponified by adding a measured volume of 0.500 N
sodium flydroxido. When the saponification had proceeded
for the desired time, 0.500 N sulfuric acid was ad(lcd in an
amount equal to the sodium hydroxide used for thoe suponifica-
tion. The solution was then titrated to pll 7.5 as in tho first
titration, 1 ml. of 0.500 N sodium hydroxido used in the final
titration beingoaquivalent to 0.0156 gram of methoxyl. Two’
amounts of 0. N sodium hydroxide were used —40 ml. per 2
grams of pectin, corresponding to the Myers-Baker saponifica-
tion procedure, and a smaller amount, which was 5 ml. in excess
of the amount equivalent to the methoxy! values of the respective
pectins.

It is apparent from a study of the duta in Figure 1 that no single
set of conditions can be employed for the accurate determination
of methyl cster in various types of pectin by saponification. Ad-
ditional studies were made, in which temperatures as low as
0° C. and as high as 40° C. were used. Other alkaline reagents,
such as alkaline salts and organic bases, were also used, but no
better results were obtained. A scries of carbonate buffers in
the range of pH 9.9 to 11.0 was tried without success. In all
cases it-was impossible to reduce the lurge saponification error
that occurred when enzyme-demethylated pectin was saponified
under conditions necessary to saponify the acid-deesterified pec-
tin completely.

Recent studies in this laboratory (7) have shown that acid
deesterification progressively removes the pectin nongalacturon-
ide material from the polygalacturonide portion, whercas enzyme
deesterification does not appreciably affect these nongalacturon-
ide materials. It is apparent that the methoxyl values of pectins
differing in galacturonide content are not strictly comparable.
A more accurate basis for comparison—namaly, the per cent
esterification of the galacturonide chain—
has been presented (7).

Table 1I. Methoxyl Values of Pectins as Determined by Different Methods
(All values calculated on moisture-, ash-, and ethanol-free basis)
Saponification Methods

The acid-deesterified pectin used in this
study contained only 16.9% of nongalac-
turonide material, little if any of which
was araban. Tho enzyme-deesterified

Zelse M - . . .
B?iu;?l. Description M:th:d yir:r M‘"Ah"d M“]';ma l}::::l:‘o& pectin, which had approximately the same
% % % % % nongalacturonide content as the pectin
12 Commercial citrus pectin 10.04 10.87  9.50 .. 9.80 ich i st 24.5 con-
153 Sommercial apple §ccﬁn 7.06 7.8  6.66 .. 6.00 from which it was derived (24.5%),
118 Purified apple pec lg.ﬁ {8'33 13.(3)2 .. lg.;z tained both araban and galactan. As
SIB  Aelddomonyisted spple peotin 38 ‘97 "M e @3 pointed out by Ifirst and Jones (10), acid
Acid thylated le 5.13 5.25 5.12 5.04 3
8}% y e 3’. v :g”l. Poctin 1,74 1,08 2ot 99 removes the nraban fraction l}\lxclx more
91G =~ Ensy thylated apple pecti 6.01 6.62 5.84 . 5.99 readily than tho galactan fraction. Thus
o1H Easy emethylated apple pectin 4.51 5.24 4.43 . 4.87 .
o1J n sy me- ethylated .rple pectin 1.99 2.60 1.92 .. 2.02 one may conclude that the araban fraction,
116B  Alkali-demethylated apple peotin :;d“ 6.83 6.02 - 8.73 or some other cusily reinovable constituont,
%‘md:{vgg&%‘om ol «0.04 .8:8‘3’ .-8:35 .8:;‘,‘2’ ..3:3% is responsiblo for the observed differonces

in the sapouification behavior of theso two



pcting. Nondecesterified and alkali-deesterified pecting show the

same type of saponification bohavior as onzymo-deesterified
ectin.

Since no single sot of conditions could be used, two saponifica-
tion procedures were evolved—one for acid-demethylated poc-
tins and another for all other types. The procedures diffor in

the amount of alkali used and the time required for saponifica-
tion.

Meron A (for all types of poctin oxcopt acid-deesterified).
Two grums of pectin are woighed into a 600-ml. boaker, moistoned
with alcohol, and dissolved in 400 ml. of distilled water by agi-
tating with a mechanical stirrer. The solution is titrated tov;l;“
7.5 by adding 0.500 N sodium hydroxide from a 10-ml. buret.
A pH meter equipped with extension olectrodes is especially con-
venient for the titration. (The correct pH value can be ob-
tained only on u solution which is at rest. Stirring couscs the
apparent pli value to drift from 0.10 to 0.50 pH unit bolow the
correct value, depending on the ion concentration of the solution.)
The noutralized solution is transferred to a §500-ml. Erlenmeyer
flask, and the temperature is adjusted to 26° = 1° C.  An
amount, z, of 0.500 N sodium hydroxide is added which is 5.0
ml. (0.5 ml.) in excess of the amount equivalent to the methoxyl
content of the sample. It may be necessary to run a preliminary
saponification to determine the approximate amount. The solu-
tion is allowed to stand at room temperature for 30 minutes (%2
minutes). Then as much 0.500 N sulfuric acid is added as is
equivalent to the amount, z, of sodium hydroxide used in the
saponification, and the solution is titrated to pH 7.5 with 0.500 N
sodium hydroxide. The amount of 0.500 N sodium hydroxide
used in the final titration, y, subtracted from the amount added
for the saponification, z, should equal 5.0 = 0.5 ml. If not, the
sag&;liﬁcation should be repeated with a different amount of
0. N sodium hydroxide determined by a new estimate. The
Eer cent methoxyl is calculated from the amount of 0.5 N sodium
grdroxide v, consumed in the saponification (after correcting for
the blank):

% CILO = ml. of 0.500 N NaOH X 1.55

grams of pectin

MEeTtiop B (for acid-decsterified pectins). The saponification
is carried out as described in Method A, except that 40.0 ml. of
0.500 N sodium hydroxide are used for the saponification, and the
time is increased to 40 minutes. The final titration and the calcu-
lations arc made in thoe same way.

Conditions of time, temperature, and alkali concentration must
be adhered to rigidly if accurate and reproducible results are to
be obtained. For example, in Method A an excess of 6 ml. of
0.500 N sodium hydroxide instead of 5 ml. increased the methoxyl
value by 0.17%, and a 40-minute instcad of a 30-minute interval
increased the results by 0.25%.

Titration with a glass clectrode pH meter is accurate and sen-
sitive to additions of less than 0.01 ml, of 0.500 N sodium hy-
droxide. The titrations may also be carried out with an indicator,
such as Hinton's (9), having a color change near pH 7.5. How-
ever, the sensitivity of the end point is materially reduced, and
this in turn affects the precision of the method.

The methy] ester contents of a number of pectins were deter-
mined by the Myers-Baker saponification methed and by the
two improved procedures described above (Table II). For pur-
poses of comparison, tho results are given on a moisture-, ash-,
and ethanol-free basis. In actual practice, the saponification and
the pectase methoxyl values would not be determined. on an
ethanol-freo basis, because the use of extra time for removal of
adsorbed ethanol would be impractical in a rapid method of
analysis. The error involved is due to the inclusion of 1 to 4%
of ethanol in the weight of the sample. For many purposes an
error of this magnitude is permissible. \When compared with the
Zeisel values, the Myers-Baker values for all except acid-de-
methylated pectins are from 0.35 to 0.87% (average, 0.50%) too
high (Table I1). . The results by the two improved saponification
procedures show deviations from the Zeiscl values of 0.10 to
0.54% (avorago, 0.21%) and 0.01 to 0.17% (average, 0.10%),
respectively.

The saponification method is limited, in that it attempts to
balance tho incomplete saponification of the mothyl ester groups

against the saponification error caused by the reaction of the
alkali with tho ballast muterials or impuritics of the sample. ‘The
method is.rapid, but to select the correct procedure it is nocessary
to know the type of pectin being analyzed.

PECTASE METHOD

A reliable and convenient enzymic procedure, in which pectase
is employed for the quantitative determination of pectin methyl
ester, has been in uso in this laboratory for the past 3 years.
This method, which has not been previously reported in the litera-
ture, represents a somewhat different approach to the problem
of determining pectin methyl ester. [t avoids the sources of error
encountered in the saponification methods and also avoids special
treatment of the sample, which is often necessary for correct
Zeisel results.

Tomatoes arc especially rich in pectase (13), and the enzyme
may be conveniently prepared from this source by the following
procedure:

Finn rips tomatoes are ground to a pulp in a food chopper.
Theo acidity of the pulp is adjusted to ptl 7.5 by adding 2 N so-
dium hydroxide with stirring, and the mixture is allowed to stand
at room temperature for a few minutes, in order to free the
tase from the pulp. The extract is drained through cheesec oth
and then filtered through coarse filter paper. The filtrate is
covered with xylene or other suitable J,rcscrvnuvc and allowed
to stand at room temperature for ong, day to hydrolyze any pec-
8‘{' J:roscnt, after which it should be stored at a temperature near

The extract is very stable and may be kept for several days at
room temperature or for several monthsat a lower temperature—
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Figure 2. Rate of Hydrolysis of Pectin Methyl Ester by
Pectase

Hydrolysis of ¢ in by different quantities of tomato pectase exlract
rdeoly e o B ulored solution.  initlel pH 1.5, Finel pH 3.4



example, a tomato pectase extrnct which had been stored for

s months at 0° C. retained 719 of its original pectase activity.

The rate of hydrolysis of pectin methyl ester by three coneen-
_.ations of pectaso is shown in Figure 2. The hydrolysis pro-
ceeded rapidly but did not reach completion.  After 2 hours the
pectin contained from 0.65 to 0.85% methoxyl, and at 18 hours
from 0.55 t0 0.65%. A 3-day hydrolysis with 20 ml. of poctase
extract reduced the methoxyl value to 0.506%, and a 20-day hy-
drolysis did not reduce it further.

A joint contribution from this laborntory and the Delaware
Agricultural Experiment Station by Hills, White, and Baker (8)
reported that tomato pectase hydrolyzed pectin to a residual
methoxyl value of 1.8%. This high value was obtained by
analyzing the dried pectinate by the Myers-Buker saponification
method, which, as now known, gives erroncous results.  The
residual, methoxyl was subsequently redetermined by means of
the Zeisel methad (on ethanol-free samples), and values were ob-
tained in the range of 0.43 to 0.509% methoxyl.

The rate curves shown in Figure 2 supgest that an cenzyme
method can be devised which yiclds methoxyl values in agree-
ment with the Zeisel procedure, provided a correction is made
for residual unhydrolyzed methyl ester. The method adopted
uses 20 ml. of tomato pectase extract and a reaction time of 2
hours at 25° C. For most.pectins the correction to be applied
for the residual methyl ester is 0.75% methoxyl. This value for
the residual methyl ester was determined by Zeisel analysis of
the dried residues of six pectin samples which had been subjected
to pectase hydrolysis as described above. The samples studied
represent & wide range of types of pectin and are designated in
Table IT as Nos. 123, 102, 115,91C, 91H, and 115B. Their respec-
tive residual methoxyl values were 0.64, 0.63, 0.75, 0.84, 0.85,
and 0.80%; average 0.75 = 0.099, mcthoxyl.

For acid-deesterified pectins analyzing less than 39, methoxyl
1 smaller correction is necessary, because extensive acid treatment
hydrolyzes a portion of the methyl ester resistant to pectase
hydrolysis. Determination of the residual methoxyl values for a
series of acid-deesterified pectins containing 0.6 to 3.0% methoxyl
showed that the correction to be added for such pectins is 25%
of the observed pectase value. '

The recommended procedure is as follows:

Two grams of pectin are weighed into a 600-ml. beaker, moist-
ened with ethanol, and dissolved with 400 ml. of distilled water
with the aid of a mechanical stirrer. Ten milliliters of 2 N sodium
acetate solution and 10 ml. of 29 sodium oxalate solution are
added. The pectin solution is ncutralized to pH 7.50 by adding
0.500 N sodium hydroxide from a 10-ml. buret, a pll meter
equipped with extension leads being used to determine the exact
end point. Twenty milliliters of tomato tase extract (ad-
justed to pH 7.50 before usc) are added to the ncutralized pectin
solution. The contents of the beaker ure mixed by stirring and
allowed to stand at room temperature for 2 hours. At the end of
this time the solution is titrated to pH 7.50. A blank determina-
tion is made without the pectin, and the indicated correction is
applied. -The methyl ester content of the sample, calculated as
per cent methoxyl, is

ml. of 0.500 N NaOH X 1.55
% CHL0 = grams of pectin

+ 0.75

If the sample is an acid-deesterified pectin with a methoxyl
value less than 3%, the formula is

ml. of 0.500 N NaOll X 1.94
% CHO = grams of pectin

Results obtained by the pectase method are affected only
slightly by variations in the conditions of hydrolysis. For ex-
uple, as shown in Figure 2, varying the added pectase from 50
,250%, of the stipulated amount changed the residual methoxyl
by only 0.10%. The pectase activity of a large number of tomato
extracts prepared in the manner here described showed variations
of less than 20% from the average. Therefore it is not nccessary
to standardize the amount of pectase used in the hydrolysis, be-

cause normal variations in activity from ono proeparation . to
another would not be sufficient approciably to afloct accuracy.

The methoxyl values for & number of pocting analyzed by the
pectuse mothod are recorded in tho lust column of Table II. The
aunlyses show an averago doviation from tho Zeisel valuos of
0.009%. The over-all precision, na dotormined by agrooment be-
tween duplicate analyses made on differont days and with dif-
ferent pectase oxtrets, wis 0.02% methoxyl.  The pectase
method gives a satisfactory degree of accuracy for all typos of
peetin. For moro rapid determinations of mothyl ester, as may
be required in plant control work, the 2-hour poctase method may
bo reduced to 30 minutes by using 60 ml. of tomato pectaso ex-
tract (see Figuro 2). The value for the residual methyl ester in
this case is 0.85% methoxyl.

SUMMARY

The Zeisel and saponification methods for dotermining the
methyl ester content of pectic substances have been studied,
sources of error indiented, and remedial mensures suggested. A
third method, employing the enzyme pectase, has been developed.

The presence of adsorbed ethanol in pectin was confirmed by
the detection of ethyl iodide in the Zeisel distillato. This source
of error was climinated by an improved water-vapor treatment of
the pectin sample.

The published saponification methods usually give high values,
owing to the action of alkali on the non galactu ronide constituents
of pectin.  The nature and amount of these interfering substances
in different types of pecting vary widely. In order to analyze all
types, it was nceessary to develop two saponification methods.
For acid-demethylated pecting the Myers-Baker method was
modified by using a shorter saponification time.  For other Lypes
of pectins, which contain appreciable amounts of interfering sub-
stances, a saponification procedure was developed which gives
more nearly correct results than the methods commonly used.

A new procedure is presented which utilizes the specific action
of the enzyme pectase for hydrolyzing pectin methyl ester, with a
correction for the methyl ester remaining unhydrolyzed.

With pectin samples free of interfering solvent the Zeisel
mothod gives accurate results and is considered to be the reference
method. However, it is time-consumiog, requires special appara-
tus, and necossitates a pretreatment of the sample. The suponi-
fication methods presented are rapid, but presuppose a knowledge
of the type of pectin being analyzed. The pectaso method is
preferred for general use; it is more rapid than the Zeisel method,
involves fewer sources of error than the saponification method.
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